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RPM: : HFD- Phone # 7 y VA4S
Application Type: (3505(b)(1) () 505(b)(2) Reference Listed Drug (NDA #, Drug name):
% Application Classifications:

e Review priority andard () Priority

e Chem class (NDAs only) Toips A

e Other (e.g., orphan, OTC) :
<% User Fee Goal Dates M ;/ 2

» Special programs (indicate all that apply) (V) None
' : Subpart H

() 21 CFR 314.510 (accelerated
approval)
() 21 CFR 314.520
(restricted dlstnbutlon)

() Fast Track

( ) Rollmg Rev1ew

*e

o

s User Fee Information

o User Fee

e  User Fee waiver () Small business
() Public health
() Barrier-to-Innovation
() Other

e User Fee exception . ) () Orphan designation
() No-fee 505(b)(2)
() Other

< Application Integrity Policy (AIP) A
e Applicant is on the AIP () Yes xNo
o This application is on the AIP () Yes (J No

e Exception for review (Center Director’s memo)

¢ OC clearance for approval

% Debarment certification: verified that qualifying language (e.g., willingly, knowingly) was | ( Werified
not used in certification and certifications from foreign applicants are co-signed by U.S.
agent.

< Patent

-

e Information: Verify that patent information was submitted

e Patent certification [505(b)(2) applications]: Verify type of certifications 21 CFR 314.50()(1)(i)}(A)
submitted ' Ol on o (On

21 CFR 314.50(i)(1)

QG (i)

» For paragraph IV certification, verify that the applicant notified the patent () Verified
holder(s) of their certification that the patent(s) is invalid, unenforceable, or will
not be infringed (certification of notlﬁcanon and documentation of receipt of

notice). i o
 Exclusivity Summary (approvals only) ﬁ /‘" A
<+ Administrative Reviews (Project Manager, ADRA) (indicate date of each review) IR L‘-_.‘,.] N NI
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e Proposed action
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e Previous actions (specify type and date for each action taken) R £ /O //é /0«7_
e Status of advertising (approvals only) g;‘;:?:i;r:;ugit:sa;tn }‘A{‘ P letter

)
0..

Public communications

. o' Press Office notified of action (approval only)

() Yes (\) Dot applicable

o Indicate what types (if any) of information dissemination are anticipated

-
'.0

Labeling (package insert, patient package insert (if applicable), MedGuide (if applicable)

e Division’s proposed labeling (only if generated after latest applicant submission
of labeling) _ C

&) None

() Press Release

() Talk Paper

() Dear Health Care Professional
Letter

| ltglcrb, |

s  Most recent applicant-proposed labeling

e  Original applicant-proposed labeling:

3ilo>
v

o Labeling reviews (including DDMAC, Office of Drug Safety trade name review,
nomenclature reviews) and minutes of labeling meetings (indicate dates of
reviews and meetings)

OPmRC - TX5[ox-

e  Other relevant labeling (e.g., most recent 3 in class, class labeling)

Labels (immediate container & carton labels)

iy 1]

¢ Division proposed (only if generated after latest applicant submission)

e Applicant proposed

e Reviews

Post-marketing commitments

e  Agency request for post-marketing commitments

e  Documentation of discussions and/or agreements relating to post-marketing
commitments

Outgoing correspondence (i.e., letters, E-mails, faxes)

Memoranda and Telecons

Minutes of Meetings

e - EOP2 meéti_ﬁg (indicate date)

s  Pre-NDA meeting (igdicate date)

e  Pre-Approval Safety Conference (indicate date; approvals only)

e Other - _K'&D'\D .

Advisory Committee Meeting

e Date of Meeting

e - 48-hour alert

Federal Register Notices, DESI documents, NAS, NRC (if any are applicable)
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uary Reviews (e.g., Office Director, Division Director,
(indicate date for each reviewy)

Clinical review(s) (indicate date for each review)

Microbiology (efficacy) review(s) (indicate date for each review)

Safety Update review(s) (indicate date or location if incorporated in another review)

Pediatric Page(separate page for each indication addressing status of all age groups)

N/F} 7]0 SuU Mm,itlc@
\/

Statistical review(s) (indicate date for each review)

N4

*

Clinical Inspection Review Summary (DSI)

¢ Clinical studies

<+ Biopharmaceutical review(s) (indicate date for each review) N /H"
< Controlled Substance Staff review(s) and recommendation for scheduling (indicate date .
Jfor each review) N/ fav

. Bloeqmvalence studles
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Environmental Assessment

e  Categorical Exclusion (indicate review date)

e Review & FONSI (indicate date of review)

e Review & Environmental Impact Statement (indicate date of each review)

D
.

Micro (validation of sterilization & product sterility) review(s) (indicate date for each
review)

.
o

Facilities inspection (provide EER report)

Date completed:

(W Acceptable ‘L, 7/C A
() Withhold recommendation
% Methods validation () Completed

(/fRequested O W el T
( ) Not yet requested

»
°

Nonclinical inspection review summary

hY
< Statistical review(s) of carcinogenicity studies (indicate date for each review) by
% CAC/ECACreport... _- - Va
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Application Type: () 505(b)(1) () 505()(2) Reference Listed Drug (NDA #, Drug name):
< Application Classifications:
e Review priority Standard () Priority
e  Chem class (NDAs only) i
e  Other (e.g., orphan, OTC)
% User Fee Goal Dates ‘ oCT AO Law; LS(AN
% Special programs (indicate all that apply) () None !
' Subpart H
() 21 CFR 314.510 (accelerated
approval)

()21 CFR 314.520
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N+ User Fee Information

o User Fee o Paid
e  User Fee waiver "| () Small business
() Public health
() Barrier-to-Innovation
, () Other
e User Fee exception : . () Orphan designation
() No-fee 505(b)(2)
() Other
% Application Integrity Policy (AIP) , : o
» Applicant is on the AIP () Yes o
e This application is on the AIP ()Yes ()No

e  Exception for review (Center Director’s memo)
e OC clearance for approval

k » Debarment certification: verified that qualifying language (e.g., willingly, knowingly) was | () Verified
not used in certification and certlﬁcatxons from foreign apphcants are co-signed by U.S.

agent.
A < Patent . 2
o Information: Verify that patent information was submitted . () Verified
e Patent certification-[505(b)(2) applications]: Verify type of certifications 21 CFR 314.50()(1)()(A) .

submitted O O Ol OV

21 CFR 314.50(i)(1)

QaG) Q) (i)

o  For paragraph IV certification, verify that the applicant notified the patent () Verified
holder(s) of their certification that the patent(s) is invalid, unenforceable, or will
not be infringed (certification of notification and documentation of receipt of
notice).
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xclusivity (approvals only)

e  Exclusivity summary

o s there an existing orphan drug exclusivity protection for the active moiety for
the proposed indication(s)? Refer to 21 CFR 316.3(b)(13) for the definition of
sameness for an orphan drug (i.e., active moiety). This definition is NOT the
same as that used for NDA chemical classification!

() Yes, Apphcatxon #
() No

Administrative Reviews (Project Manager, ADRA) (indicate date of each review)

Actions

¢ Proposed action

OAP ()TA (JAE ()NA

e Previous actions (specify type and date for each action taken)

e  Status of advertising (approvals only)

() Materials requested in AP letter
Reviewed for Subpart H

®.
*

Public communications

e  Press Office notified of action (approval only)

() Yes j@lot applicable

()None
() Press Release.

e Indiéate what types (if any) of information dissemination are anticipated () Talk Paper
() Dear Health Care Profegsional

Letter g
< Labeling (package insert, patient package insert (if applicable), MedGuide (if applicable)
e Division’s proposed labeling (only if generated after latest applicant submission iol iSjox 3
of labeling) j
e Most recent applicant-proposed labeling o
e  Original applicant-proposed labeling v’

e Labeling reviews (including DDMAC, Office of Drug Safety trade name review,
nomenclature reviews) and minutes of labeling meetings (indicate dates of
reviews and meetings)

e  Other relevant labeling (e.g., most recent 3 in class, class labeling)

Labels (immediate container & carton labels)

S NS

e Division proposed (only if generated after latest applicant submission)

e  Applicant proposed

e Reviews

Post-marketing commitments

e Agency request for post-marketing commitments

~ A

e  Documentation of discussions and/or agreements relating to post-marketing
commitments Ea

Outgoing correspondence (i.e., letters, E-mails, faxes)

Memoranda and Telecons

-
v

Minutes of Meetings

A% 5

e EOP2 meeting (indicate date)

e Pre-NDA meeting (indicate date)
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o Pre-Approval Safety Conference (indicate date; approvals only)
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Advisory Committee Meeting

¢ Date of Meeting

NDA XXX
Page 3

e 48-hour alert

«» Federal Register Noticeé, DESI documents, NAS, NRC (if any are applicable)

SHhre e o Fopvthe ey

Summary Reviews (e.g., Office Director, Division Director, Medical Team Leader)
indicate date for each review

I N LTI 1 H T YT

< Clinical review(s) (indicate date for each review)

% Microbiology (efficacy) review(s) (indicate date for each review)

< Safety Update review(s) (indicate date or location if incorporated in another review)

¢ Pediatric Page(separate page for each indication addressing status of all age groups)

< Demographic Worksheet (NME approvals only)

«» Statistical review(s) (indicate date for each review)

% Biopharmaceutical review(s) (indicate date for each review)

% Controlled Substance Staff review(s) and recommendation for scheduling (indicate date
for each review)

h =
¢ Clinical Inspection Review Summary (DSI)
¢  Clinical studies e "
e Bioequivalence studies '
~ o7 CMC review(s) (indicate date for each review)
+« Environmental Assessment
o Categorical Exclusion (indicate review date)
e Review & FONSI (indicate date of review)
e Review & Environmental Impact Statement (indicate date of each review)
<+ Micro (validation of sterilization & product sterility) review(s) (indicate date for each
review)
%+ Facilities inspection (provide EER report) Date completed:
() Acceptable
() Withhold recommendation
% Methods validation _ () Completed
() Requested

% Pharm/tox review(s), including referenced IND reviews (indicate date for each review)

< Nonclinical inspection review summary

< Statistical review(s) of carcinogenicity studies (indicate date for each review)

< CAC/ECAC report
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Form Approved: OMB No. 0910-0297
DEPARTMENT OF HEALTH AND HUMAN—;ERVlCES Expiration Dste: - F. 29, 2004,
PUBLIC HEALTH SERVICE

FOOD AND DRUG ADMINISTRATION USER FEE COVER SHEET

See Instructions on Reverse Side Before Completing This Form

A completed form must be signed and accompany each new drug or biologic product application and each new supplement See exceptions on the

reverse side. if payment is sent by U.S. mall or courier, please Include a copy of this completed form with payment. Payment instructions and fee rates
can be found on CDER’s website: hitp:/Mww.(da.gov/cder/pdufa/defauit.him

1. APPLICANT'S NAME AND ADDRESS 4. BLASUBMISSION TRACKING NUMBER (STN) / NDA NUMBER

21-367

GALEN Limited .

Rockaway 80 Corporate Center

100 Enterprise Drive, Suite 280 S. DOES THIS APPLICATION REQUIRE CLINICAL DATA FOR APPROVAL?

Rockaway, NI 07866 Bves Ovo
IF YOUR RESPONSE IS "NO" AND THIS IS FOR A SUPPLEMENT, STOP HERE
AND SIGN THIS FORM.

[F RESPONSE IS "YES', CHECK THE APPROPRIATE RESPONSE BELOW:

{X THE REQUIRED CLINICAL DATA ARE CONTAINED IN THE APPLICATION.
[ THE REQUIRED CLINICAL DATA ARE SUBMITTED BY

2. TELEPHONE NUMBER (include Area Code) REFERENCE TO:

( 973 ) 442-3233 (APPLICATION NO. CONTAINING THE DATA).

3. PRODUCT NAME 6. USER FEE |.D. NUMBER
T = {estradiol acetate vaginal ring) 4234
7. IS THIS APPLICATION COVERED BY ANY OF THE FOLLOWING USER FEE EXCLUSIONS? IF SO, CHECK THE APPLICABLE EXCLUSION. -
: ¥
s
3 A LARGE VOLUME PARENTERAL DRUG PRODUCT [ A 505(b)(2) APPLICATION THAT DOES NOT REQUIRE A FEE . :
APPROVED UNDER SECTION 5050F THE FEDERAL (See item 7, raverse side before checking box.) e -
FOOD, DRUG, AND COSMETIC ACT BEFORE 9/1/92 &
(Self Explanatory)
{7] THE APPLICATION QUALIFIES FOR THE ORPHAN (] THE APPLICATION IS A PEDIATRIC SUPPLEMENT THAT
EXCEPTION UNDER SECTION 736(a)(1)(E) of the Federal Food, QUALIFIES FOR THE EXCEPTION UNDER SECTION 736(a}{1)(F) of
Drug, and Cosmetic Act ) the Federal Food, Drug. and Cosmetic Act
(See item 7, reverse side before checking box.) - (See item 7, reverse side before checking box.)

(-] THE APPLICATION IS SUBMITTED B8Y A STATE OR FEDERAL
GOVERNMENT ENTITY FORA DRUG THAT iS NOT DISTRIBUTED
COMMERCIALLY
(Self Explanatory)

8. HAS A WAIVER OF AN APPLICATION FEE BEEN GRANTED FOR THIS APPLICATION?

Oves - Bro

(Seo Item 8, reverse side if answered YES)

Public reporting burden for this collection of information is estimated to average 30 minutes per response, including the time for reviewing
instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information.
Send comments regarding this burden estimate or any other aspect of this collaction of information, including suggestions for reducing this burden to:

Department of Health and Human Services Food and Drug Administration ~~ An agency may not conduct or sponsor, and a person is not
Food and Drug Administration CDER, HFD-94 required to respond to, a collection of information unless it
CBER, HFM-99 and 12420 Parklawn Drive, Room 3046  displays a cun'ently valid OMB control number.

1401 Rockville Pike Rockville, MD 20852

Rockville, MD 20852-1448

SIGNATURE OF AUWdRIZED COMPANY REPRESENTATIVE TITLE DATE
Vice President, Regulatory Affairs

N wla\ay

FORM FDA 3397 (4/01) Croeed by: 1 Mobs ARs U01) 642248 BF




NDA 21-367

estradiol acetate vaginal ring
- (0.05 mg/day and 0.1 mg/day

Galen Holdings

Application Integrity Policy

This application is not on AIP.
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GALEN Alvin D. Howard
Vice President,

HOLDINGS PLC. . Regulatory Affairs

CERTIFICATION ABOUT THE USE OF DEBARRED PERSON

| hereby cenrtify that Galen Limited did not and will not use in any capacity the services of
any person debarred under section 306(a) and (b) of the Federal Food, Drug and
Cosmetic Act in connection with this New Drug Application for (estradiol
acetate vaginal ring).

| M 2\t

Alvin Howard
Vice President Regulatory Affairs Date

-~

q'!-yi:

X1 T

. APPEARS THIS 'yAY
o ON ORIGINAL

BEST POSSIBLE COPY

Rockaway 80 Corporate Center ® 100 Enterprise Drive, Suite 280 8 Rockaway, New Jersey 07866
Phone: (973) 442-3233 Fax (973) 442-3280 e-mail: ahoward@wclabs.com



MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES

_ PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

Date: _ January 15, 2002

From: Jeanine Best, M.S.N., R.N.
: Senior Regulatory Associate
Division of Reproductive and Urologic Drug Products (HFD-580)

Subject: Review-of Financial Disclosure Documents

To: NDA 21-367

[ have reviewéd the financial disclosure information submitted by Galen Limited in support of-
their NDA 21-367.

Two pivotal Phase 3 studies were conducted to assess the safety and efficacy of ‘—————

(estradiol acetate vaginal ring) 0.05 mg/day and 0.10 mg/day. This product is indicated for the.
treatment of moderated to severe vasomotor symptoms associated with menopause, and the

~ The study numbers and the results of the review of financial disclosure
documents are summarized below:

‘| Study Number/Title Study Status Financial Disclosure Review
Study IVR 1002/ “A Double-Blind, | Study Start: Appropriate documentation
Randomized, Placebo-Controfled November 1999 - received; financial disclosure
Clinical Trial in Postmenopausal ’ submitted.

Women to Demonstrate the Efficacy | Study Complete
of Intravaginal Rings Releasing
Estradiol-3-Acetate With respect to
Postmenopausal Vasomotor

Symptoms”

Study HRT 8/ “A, Double-Blind, Study Start: Appropriate certification

Multicenter, Randomized, May 1997 received, no financial

Comparator-Controlled Clinical Trial ' : disclosure submitted.

in Postmgnopausal Women to Study Complete

[nvestigate the Effect of Intravaginal The Division has determined

Ring Devices Releasing Estradiol-3- that this study did not comply

Acetate in Comparison to Oral with U.S. criteria for HRT

Estradiol. with Respect to study entry; therefore, this

Postmenopausal Symptoms ~ — study will be used as 4

supportive for safety only, and

—— it will not be considered a

pivotal efficacy study.

' e "::l;f',-ﬁ:



NDA 21-367
Financial Disclosure
Page 2

Documents Reviewed:

e FDA Form 3434, Certification: Financial Interests and Arrangements of Clinical
Investigators (submitted December 21, 2001)

» Financial Disclosure Information Tables (submitted December 21, 2001)

¢ Clinical Study Reports (submitted December 21, 2001)

Study IVR 1002
There were 176 principal and subinvestigators (investigators) at 31 sites (U.S) in this trial (333
patients enrolled). One site had an investigator with disclosable information:

° . _reported.

— ; this site enrolled 3.3% of the patients in the study.
Of the remaining investigators, none had any disclosable information.

Study HRT 8

There were 120 principal and subinvestigators (mvestlgators) at 19 sites (U.K..) in this trial (159
patients enrolled). The sponsor did not collect financial disclosure forms from individual
investigators but, instead, certified that, (1) none of the investigators had a proprietary interest in
the test product, (2) that none of the investigators were the recipient of cumulative payments in
excess of $25,000 during the study conduct or the year following completion of the study, and (3)
that under the General Medical Council Guidelines in the U.K., doctors are not allowed to hold
stock in any pharmaceutical company. The Division has determined that this study did not
comply with U.S. criteria for HRT study entry; therefore, this study will be used as supportive for
safety only, and it will not be considered a pivotal efficacy study.

)

R *:;"';['f‘!fx
,

Conclusion:

Adequate documentation was submitted to comply with 21 CFR 54. There was no disclosure of
finaricial interests that could bias the outcome of the trials.

APPEARS THIS WAY
e ON ORIGINAL



This is a representation of an electronic record that was signed electronically and

this page is the rganifestation of the electronic signature.

Jeanine Best
1/15/02 09:13:38 aM
CSO
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b NDA 21-367 Item 19

GALEN . Financial Information
TR

Page 233 of 243

CERTIFICATION: FINANCIAL INTERESTS AND
ARRANGEMENTS OF CLINICAL INVESTIGATORS

DEPARTMENT OF HEALTH AND HUMAN SERVICES Form Approved: OMB No. 0910-0396
Pubiic Health Service iration Date: 33102
Food and Drug Administration Exp

TO BE COMPLETED BY APPLICANT

1

2

(3)

. With respect to all covered clinical studies (or specific clinical studies listed below (if appropriate)) submitted

_in support of this application, | certify to one of the statements below as appropriate. | understand that this
certification is made-in compliance with 21 CFR part 54 and that for the purposes of this statement, a clinical
investigator includes the spouse and each dependent child of the investigator as defined in 21 CFR 54.2(d).

[ Please mark the apphicable checkbox. ]

As the sponsor of the submitted studies, | cerlify that | have nol entered into any financial
arrangement with the listed clinical investigators (enter names of clinical investigators below or attach
list of names to this form) whereby the value of compensation to the investigator coukt be affected by
the outcome of the study as defined in 21 CFR 54.2(a). | also certify that each listed clinical
investigator required to disclose to the sponsor whether the investigator had a proprietary interest in
this product or a significant equity in the sponsor as defined in 21 CFR 54.2(b) did not disclose any
such interests. | further certify that no listed investigator was the recipient of significant payments of
other sorts as defined in 21 CFR 54.2(f).

§ | Sec attached.

Clinical Investigat

As the applicant who is submitting a study or studies sponsored by a firm or parly other than the
applicant, § certify that based on information obtained from the sponsor or from participating clinical
investigators, the listed clinical investigators (attach list of names to this form) did not participate in
any financial arrangement with the sponsor of a covered study whereby the value of compensation to
the investigator for conducting the study could be affected by the oulcome of the study (as defined in
21 CFR 54.2(a)); had no proprietary interest in this product or significant equity interest in the sponsor
of the covered study (as defined in 21 CFR 54.2(b)); and was not the recipient of significant payments
of other sorts (as defined in 21 CFR 54.2(f)).

As the applicant who Is submitting a study or studies sponsored by a firm or party other than the

applicant, | certify that | have acted with due diligence to obtain from the listed clinical investigators .

(attach list of names) or from the sponsor the information required under 54.4 and it was not possible
to do so. The reason why this information could not be obtained is attached.

NAME

SIG|

William Poll Vice President, Finance
FIRM/ORGANIZATION
“Warnér-Chilcott Laboratories, Inc.

TITLE

TURE s . DATE
N(A)Mw i l}A ‘\\.. |
= )!‘ ¥

frv'

Y I
]
i

Paperwork Reduction Act Stat: t

An sgeacy may hot conduct of sponsor, and a person is not required to respond Lo, 8 collection of

information unless ndirphp a currently valid OMB control number. Public reponting burden for this Department of Health and Human Services

liection of inf i est to average | hour per response, including time for reviewing Food and Drug Adminisiration
instructions, mtha emlmg dats :om:a. guhmna and maintiining the necessary data, and 5600 F_tshcn l;u:e, Room 14C-03
completing and reviewing the collecti Send regarding this burden Rockville, MD 20857

emﬂeumyoth:rupcﬁol'dmcollemmofm{ormmontoll!ldﬁeuwmenwn

FORM FDA 3434 (3/99)

Cromed by R Mem Am (i 602434 EF
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IRN——— NDA 21-367 Item 19

GALEN Financial Information

Protocol HRT 8 Addendum to Financial Certification Form 3454

A double-blind, multicentre, randomised, comparator controlled clinical trial in
postmenopausal women to investigate the effect of intravaginal ring devices releasing

estradiol-3-acetate in comparison to oral estradiol with respect to postmenopausal
symptoms, — . .

Financial disclosure forms were not collected for these investigators.

The double-blind portion of this study was conducted from May 1997 through
March of 1999. Blinding was not broken until after the database was locked.

The study was a double-blind, multicenter, randomized clinical trial.

Study randomized 159 subjects at 21 centers. No investigator was permitted to
enroll more than 35 subjects.

The study took place overseas and was not conducted under a US IND.

Under the General Medical Council guidelines in the UK, doctors are not allowed

to hold stock in any pharmaceutical company (regardless of whether they do work
with that company or not).

None of the listed investigators has a proprietary interest in the test product which
was being investigated in this trial.

None of the listed investigators was the recipient of cumulative payments in
excess of $25,000 during the study conduct or the year following completion of
the study (May 1997-September 2000).

i APPEARS THIS WAY
- ON ORIGINAL
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SRR NDA 21-367 Item 19

GALEN ' Financial Information

Page 242 of 243

“Minimization of Potential Study Bias in Protocol IVR 1002
A double blind, randomized, placebo-controlled, clinical trial in postmenopausal women

to demonstrate the efficacy on intravaginal rings releasing estradiol-3-acetate with respect
to postmenopausal vasomotor symptoms.

Procedure established to minimize potential investigator bias:

The study was established as a multicenter trial with 36 participating
investigators.

o The study was double-blinded.
Blinding was not broken until after the database was locked.

Only 11 subjects of 333 (3.3% of study population) were enrolled at i~———— -
site

"'vv-w-':m-j!-y‘
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S NDA 21-367 Item 13

. G ALEN — Patent Exclusivity

IE— Information
Page 202 of 243

Item 13: Patent Information

The following is f)rbvided in accordance with the Drug Price Competition and Patent Term
Restoration Act of 1984:

Trade Name: —
Active Ingredients: Estradiol -3-acetate

Strengths: 0.05 mg/day and 0.1mg/day for 3 months
Dosage Forms: Vaginal Ring
Approval Date:__ Pending .

Type of Patent:

Drug Substance (Active Ingredient) _ Y__ N
Drug Product (Composition/Formulation) =ZY__ N
MethodofUse _ = Y___ N -

—_ — h 3

If patent claims method(s) of use, please specify approved method(s) of use for which approy;dl
is being sought that are covered by the patent.

A method of releasing a 17 B -oestradiol precursor in a substantially zero order pattern for at
least three weeks.

E
/

21 CFR 314.53 (c) (1)

I U.S. Patent No.: 5,855,906
Expiration Date: December 19, 2015
II. Type of Patent: Drug Product and Method of Use
III.  Name of Patent Owner: " Galen (Chemicals) Limited
IV.  Name of Agent For ~ Kenyon & Kenyon
Galen(Chemicals) Limited One Broadway
Systems Incorporated: New York, NY 10004

APPEARS THIS WAY
ON ORIGINAL



Original Declaration

21 CFR 314.53 (c_). (2)

- The undersigned declares that US Patent No. 5,855,906 (Intravaginal Drug Delivery Devices

for the Administration of 17 B-oestradiol Precursors) covers the formulation, composition
and/or method of use of

This product is the subject of this application for which approval is being sought.

\2 Q

Alvin D. Howard
Vice President Regulatory Affairs
Galen (Chemicals) Limited

. __'-,‘.:q;v_'!-'i

APPEARS THIS WAY
ON ORIGINAL
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. NDA 21-367 Item 13

GALEN Patent Exclusivity Information

P —— Page 204 of 243

United States Patent: 5,855,906

Page 1 of 25
US PATENT & TRADEMARK OFFICE
PATENT FULL TEXT AND IMAGE DATABASE
| ictise § Prev B Newt | Bouom |
j View Shopping Caf: 0 Smpmng Can
(dor1l)
United States Patent 5,855,906
McClay January §, 1999

Intravaginal drug delivery devices for the administration of 17.beta.-oestradiol precursors

Abstract

The invention relates to an intravaginal drug delivery device for administration to a female mammal
of certain 17.beta.-oestradiol precursors at a substantially constant rate for a period of at least three
weeks. The 17.beta.-oestradiol precursor is a 17.beta.-oestradiol moiety in which the, or each,
hydroxyl group of the 17.beta.-oestradiol moiety is blocked by a blocking group, which blocking
group is readily removed from the 17.beta.-oestradiol in vivo. The 17.beta.-oestradiol precursor must
have either a solubility in liquid silicone of not less than 0.1 mg/100 ml or a standard k value of not

less than 0.1 .mu.g/day/mm. The 17.beta.-oestradiol precursor must also have a solubility in distilled
water of not less than | .mu.g/100 ml.
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Claims

I claim:

1. A cylindrical intravaginal drug delivery device suitable for administration to a female mammal, the
device comprising a 17.beta.-oestradiol precursor in a biocompatible hydrophobic elastomeric
polymer matrix, the device releasing the 17.beta.-oestradiol precursor in a substantially zero order
pattern for at least three weeks, the precursor being a 17.beta.-oestradiol moiety in which the, or each,

hydroxy! group of the 17.beta.-oestradiol moiety is blocked by a blocking group, the precursor having ) <
sufficient lipophilicity as determined either by a solubility in liquid silicone of not less than 0.1 ’ {.,—
mg/100 ml or by a standard k value, in which k=2C.sub.S D.pi., of not less than 0.1 .mu.g/day/mm, s
the precursor having sufficient hydrophilicity as determined by a solubility in distilled water of not 1

less than 1 .mu.g/100 ml, the, or each, blocking group being so linked to the 17.beta.-oestradiol
moiety as to be readily removed from the 17.beta.-oestradiol moiety in vivo, and the, or each,
blocking group being so chosen as to yield a substance which is non-toxic to the female mammal
when removed from the 17.beta.-oestradiol moiety in vivo wherein C.sub.S corresponds to the
precursor's saturation solubility in the polymer matrix and D corresponds to the precursor’s diffusion
coefficient in the polymer matrix.

]
/

2. An intravaginal drug delivery device according to claim 1, in which the, or each, blocking group is

an aliphatic C.sub.1-5 acyl group, with the proviso that, when the acyl group is acetyl, each hydroxyl
group cannot be blocked with acetyl.

. 3. An intravaginal drug delivery device according to claim 2, in which the acyl group is the acyl
moiety of a saturated monocarboxylic or dicarboxylic acid.

4. An intravaginal drug delivery device according to claim 3, in which the acyl group is selected from
the group comprising formyl, acetyl, propionyl, butyryl, isobutyryl, oxalyl, malonyl, succinyl and
glutaryl.

5. An intravaginal drug delivery device according to claim 2, in which the acyl group is the acyl
moiefy of an unsaturated monocarboxylic or dicarboxylic acid.

6. An intravaginal drug delivery device according to claim 5, in which the acyl group is selected from
acryloyl, propioloyl, methacryloyl, crotonoyl, isocrotonoyl, maleoyl, fumaroyl, citraconoy! and
mesaconoyl. -

7. An intravaginal drug delivery device according to claim 1, in which the blocking group blocks the
3-hydroxyl group of the 17.beta.-oestradiol moiety.
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8. An ing'n\;aéinal drug delivery device according to claim 1, in which the blocking group blocks the
17-hydroxy! group of the 17.beta.-oestradiol moiety.

9. An intravaginal drug delivery device according to claim 7, in which the blocking group is selected
from acetyl or propionyl.

10. An intravaginal drug delivery device according to claim 7, in which the precursor is 17.beta.-
oestradiol-3-acetate or 17.beta.-oestradiol-3-propionate.

11. An intravaginal drug delivery device according to claim 8, in which the precursor is 17.beta.-
oestradiol-17-acetate or 17.beta.-oestradiol-17-propionate.

12. An intravaginal drug delivery device according to claim I, in which the device additionally
includes a progestogen in the polymer matrix. .

13. An intravaginal drug delivery device according to claim 12, in which the progestogen is selected
from the group comprising norethisterone-17-acetate and levonorgestrel.

14. An intravaginal drug delivery device according to claim 1 suitable for inducing hyper- }.,
oestrogenism including fertility control, in which the polymer matrix forms a hollow annulus and the <
device is provided with a central member within the annulus and a sheath surrounding the polymer el
matrix. .

15. A process for the preparation of a cylindrical intravaginal drug delivery device for release in a
substantially zero order pattern for at least three weeks and suitable for administration to a female
mammal, the process comprising the steps of:

combining a 17.beta.-oestradiol precursor, the precursor being a 17.beta.-oestradiol moiety in which
the, or each, hydroxyl group of the 17.beta.-oestradiol moiety is blocked by a blocking group; the
precursor having sufficient lipophilicity as determined either by a solubility in liquid silicone of not
less than 0.1 mg/100 ml or by standard k value as defined hereinabove of not less than

0.1 .mu.g/day/mm, the precursor having sufficient hydrophilicity as determined by a solubility in
distilled water of not less than 1 .mu.g/100 ml, the, or each, blocking group being so linked to the
17.beta.-oestradiol moiety as to be readily removed from the' 17.beta.-oestradiol moiety in vivo; and
the, or each, blocking group being so chosen as to yield a substance which is non-toxic to the female
mammal, when removed from the 17.beta.-oestradiol moiety in vivo, with a biocompatible

hydrophobic elastomeric polymer, a suitable cross-linking agent and a curing catalyst to form a mix;
and

curing the mix to form a polymer matrix.

16. A process according to claim 15, in which the polymer matrix forms a hollow annulus and the
process comprises the steps of forming a central member; combining the 17.beta.-oestradiol precursor
with a polyme?, a suitable cross-linking agent and a curing catalyst to form a mix and curing the mix
to form the polymer matrix in the form of the hollow annulus surrounding the central member; and

providing a sheath surrounding the polymer matrix.

17. An intravaginal drug delivery device suitable for administration to a female mammal, whenever
prepared by the process claimed in claim 15.
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18. A method of using a 17.beta.-oestradiol precursor in a cylindrical intravaginal drug delivery
device for release in a substantially zero order pattemn for at least three weeks, which method
comprises the step of incorporating in the drug delivery device the 17.beta.-oestradiol precursor,
wherein the 17.beta.-oestradiol precursor is a 17.beta.-oestradiol moiety in which the, or each,
hydroxyl group of the 17.beta.-cestradiol moiety is blocked by a blocking group, the precursor has
sufficient lipophilicity as determined cither by a solubility in liquid silicone of not less than 0.1
mg/100 ml or by a standard k value as defined hereinabove of not less than 0.1 .mu.g/day/mm, the
precursor has sufficient hydrophilicity as determined by a solubility in distilled water of not less than
1 .mu.g/100 ml, the, or each, blocking group is so linked to the 17.beta.-oestradiol moiety as to be
readily removed from the 17.beta.-oestradiol moiety in vivo, and the, or each, blocking group is so

chosen as to yield a substance which is non-toxic to the female mammal when removed from the
17.beta.-oestradiol moiety in vivo.

19.A mcthod of releasing a 17.beta.-oestradiol precursor in a substanually zero order pattern for a
least three weeks, which method comprises the steps of:

incorporating the 17.beta.-cestradiol precursor in a cylindrical intravaginal drug delivery device, the
17.beta.-oestradiol precursor being a 17.beta.-oestradiol moiety in which the, or each, hydroxyl group
of the 17.beta.-oestradiol moiety is blocked by a blocking group, the precursor having sufficient
lipophilicity as determined either by a solubility in liquid silicone of not less than 0.1 mg/100 ml or
by a standard k value as defined hereinabove of not less than 0.1 .mu.g/100 ml, the precursor having
sufficient hydrophilicity, as determined by a solubility in distilled water or not less than 1 .mu.g/100
ml, the, or each, blocking group being so linked to the 17.beta.-oestradiol moiety as to be readily
removed from the 17.beta.-oestradiol moiety in vivo, the, or each, blocking group being so chosen as

to yield a substance which is non-toxic to the female mammal when removed from the 17.beta.-
oestradiol moiety in vivo; and

' ""'\‘:'l;:""':
B

inserting the drug delivery device into a vagina of a female mammal for the at Jeast three weeks.

20. An intravaginal drug delivery device according to claim 1 suitable for alleviating or preventing
symptoms associated with hypo-oestrogenism including hormone replacement therapy, in which the

polymer matrix forms a core and the device is provided with a sheath surrounding the polymer
matrix.

21. A process according to claim 15, in which the polymer matrix forms a core and the process
additionally comprises the step of providing a sheath surrounding the polymer matrix.

22. An intravaginal drug delivery device suitable for administration to a female mammal, whenever
prepared by the process claimed in claim 16.

23. An intravaginal drug delivery device according to claim 10, in which the precursor is 17.beta.-
oestradiol-3-acetate.

24. An intravaffinal drug delivery device according to claim 11, in which the precursor is 17.beta.-
oestradiol-17-acetate.

- Description

This application is a 371 of PCT/IE/00063, filed Dec. 12, 1995.

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=/ne../mccla  9/7/2001



SR NDA 21-367 | Item 13

: GALEN i | Patent Exclusivity Information

ERE—— Page 208 of 243

United States Patent: 5,855,906 Page 5 of 25

This invention relates to intravaginal drug delivery devices for the administration of 17.beta.-
oestradjol precursors. The term "17.beta.-oestradiol precursor” is intended to embrace certain
compounds which can be converted into 17.beta.-oestradiol, which compounds possess
physicochemical and clinical propertics as defined hereinbelow. In particular, the present invention
relates to intravaginal drug delivery devices for the administration of a 17.beta.-oestradiol precursor
at a substantially constant rate over a prolonged period for oestrogen-requiring conditions such that
either the symptoms associated with hypo-oestrogenism may be alleviated or prevented or,
alternatively, fertility is controlled. More particularly, the invention relates to, but is not limited to, an
intravaginal drug delivery device for the administration of a 17.beta.-oestradiol precursor for
hormone replacement therapy in the human female.

Hypo-oestrogenism in the premenopausal human female may occur due to disease, cophorectomy or
traumatic injury >2!. In the postmenopausal human female, hypo-oestrogenism occurs as a natural
consequence of the ageing process. Fertility control involves the administration of sufficient
oestrogen to prevent ovulation, in effect, an induced hyper-oestrogenism. The description hereinafter
primarily concemns the utility of intravaginal drug delivery devices of the invention for the alleviation
or prevention of symptoms associated with hypo-oestrogenism, specifically, hormone replacement

therapy, but it will be appreciated that the intravaginal drug delivery devices of the invention may L
also be used to induce hyper-oestrogenism, specifically, to prevent ovulation and, therefore, to act as C T
a contraceptive. el

In the normal, healthy human female, 17.beta.-oestradiol is the principal oestrogen produced by the.
functioning premenopausal ovary, primarily in the ovulating follicle, during each menstrual cycle »1!.
Circulating 17.beta.-oestradiol levels vary during the monthly cycle in the premenopausal human
fernale, being at their highest during the peri-ovulatory phase (about 1000 pmol per liter). As ageing
progresses in the human female, ovulation becomes less frequent and less predictable, resuiting in
diminished production of 17.beta.-oestradiol. At the menopause, when irreversible failure of ovarian
follicular activity occurs, 17.beta.-oestradiol production decreases dramatically to less than 20 mu.g
per day, giving circulating levels of 17.beta.-oestradiol in serum of less than 30 pg/ml 2! (1 pg/ml is
equivalent to 3.676 pmol/l, assuming a molecular weight of 272 for oestradiol)

Non-oral 17.beta.-oestradiol preparations intended for use in hormone replacement therapy typically
deliver plasma levels of 17.beta.-oestradiol corresponding to mean levels of the hormone in the
premenopausal subject at days 6 to 8 (about 200 pmol per liter) and days 8 to 10 (about 360 pmol per
liter) of the cycle. For the transdermal route, which is one non-oral route, these plasma concentrations
cormrespond to a dose of 50 .mu.g per day (low dose) to 100 .mu.g per day (high dose). This is
generally accepted as the desirable non-oral dosage range in order to provide efficaceous relief of
postmenopausal symptoms whilst minimising potential toxicity »1!.

Hypo-oestrogenic (including postmenopausal) symptoms may be classified 3! as:

(a) Neuroendocrine symptoms, characterised by one or more of the following: hot flushes, night
sweats, insomnja, mood changes, anxiety, irritability, loss of memory and loss of concentration.

(b) Lower urinogenital tract symptoms, characterised by one or more of the following: genital tract
atrophy, dyspareunia, loss of libido, urethral syndrome.

(c) Miscellaneous symptoms, characterised by one or more of the following: joint aches, paraesthesia,
dry skin, dry or brittle hair, brittle nails.
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In those cases where the combination of symptoms is sufficiently scvere, it is well recognised that
oestrogen hormone replacement therapy is indicated. In the postmenopausal human female requiring -
such therapy, the aim is to restore premenopausal oestrogen balance by delivering the natural
oestrogenic hormone, 17.beta.-oestradiol, to the systemic circulation in a pattern that mimics its
physiological secretion, that is, continuously and at a low but effectively constant rate »4!. It is well
recognised by practitioners that hormone replacement therapy, once initiated in the human female,
may be necessary for many years extending from the onset of the menopause. A physiologically
effective dose of 17.beta.-oestradiol, sufficient to provide effective control of all postmenopausal
symptoms, is considered to be at least 50 .mu.g per day »>1!, although transdermal patches delivering
as low as 25 .mu.g per day will elevate plasma oestradiol levels and are used in oestrogen
replacement therapy.

Oral administration of oestrogen, including 17.beta.-oestradiol, for hormone replacement therapy has
a number of disadvantages »1,5!:

(a) Oral administration of a drug is followed, primarily, by absorption through the gastrointestinal
tract, from where the blood flow is to the liver. Some 60-90% of orally administered drug wili be

5
metabolised during this first pass through the liver. As a result, oral oestrogen therapy results in ~—
oestrone, a less potent oestrogen, as the predominant circulating oestrogen. e
. ]
$ -
(b) Oral therapy involves bolus doses resulting in high initial oestrogen levels which are non- -

physiological, a non-steady state of circulating serum oestrogen and a non-physiological 17.beta.-
oestradiol:oestrone ratio.

Given the long-term nature of hormone replacement therapy, a drug delivery system that promotes
improved patient compliance and convenience by reducing the dosing frequency or by requiring less
frequent dosing is desirable. Various routes of oestrogen administration have been suggested,
including transdermal, subcutaneous and intravaginal administration:

Oestrogens are efficiently absorbed by the transdermal route. First pass effects are avoided and a
physiological 17 beta.-oestradiol:oestrone ratio is maintained. Transdermal administration of
17.beta.-oestradiol is, therefore, preferable to the oral route »4!. Patient compliance and convenience
are also enhanced. However, the physical size of the transdermal drug delivery system is such that a
new device must be used every few days. This can lead to fluctuations in circulating serum oestrogen
levels, which is inconvenient and has possible compliance problems for the patient.

Subcutaneous implantation of 17.beta.-oestradiol-loaded pellets provides therapy extending to several
months and is therefore advantageous in respect of both patient compliance and convenience.
However, subcutaneous implants have a number of disadvantages »2!:

(a) A surgical procedure is required for insertion of the pellets.
(b) Infection égn_ arise at the insertion site.

(c) The peHets are difficult to remove in the event of a problem developing and any attempted
removal requires a further surgical exploration of the site.

Many of the problems associated with oestrogen delivery for hormone replacement therapy and other
long-term oestrogen-requiring conditions can be overcome by intravaginal administration of
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oestrogen. It is well-known that steroids in general, including oestrogens, are efficiently and rapidly
absorbed through vaginal mucosal epithelium »6,7!. The vaginal route avoids undesirable first-pass
hepatic metabolism. Delivery of oestrogen by the vaginal route is analogous to secretion of oestrogen
into the systemic circulation by the ovary. Oestrogens may be administered intravaginally by the use
of creams, solutions or vaginal tablets »2!. However, to achieve controiled-release of the oestrogenic
agent, sustained over at least one month in order to enhance both patient compliance and
convenience, an intravaginal device, optionally in the shape of a ring, is the most suitable drug

delivery device. The intravaginal ring can be self-inserted high into the vagina where it is held in
place.

U.S. Pat. No. 3,545,439 discloses an intravaginal ring fabricated from a biocompatible
organopolysiloxane elastomer and containing the steroidal compound medroxyprogesterone acetate
for the purpose of providing contraception in the human female. There is no teaching that such a
device can be used for the administration of 17.beta.-oestradiol precursors at a substantially constant
(or zero order pattern) rate for a period of at least three weeks, for the treatment of long-term
oestrogen-requining conditions in general or, more specifically, for hormone replacement therapy.

An article by Jackanicz »8! teaches that three basic designs of intravaginal ring are possible, though -

additional design variations do exist: |
(a) The homogeneous ring, in which the steroid is homogeneously distributed in a hydrophobic ', ..
elastomeric system, typically a grade of Silastic (Trade Mark), which is commercially available from ~

Dow Coming. In this design, a high drug loading is possible and, consequently, comparatively large
daily release rates are achievable over prolonged periods. However, this design is associated with an
initial high release of drug, producing a non-physiological level of the circulating steroid in the
plasma, followed by a decline in the drug release rate as the outer portions of the ring are depleted of
drug. Consequently, this design of ring cannot achieve the desired pattem of a controlled,
substantially constant drug release rate, which will be recognised by those skilled in the art as zero
order pattern release, over a sustained period of at least three weeks, preferably several months.

(b) The shell design, in which the steroid is contained in a narrow band or hollow annulus between a
non-medicated central hydrophobic elastomeric core or central member and a narrow, outer non-
medicated hydrophobic elastomeric sheath. The outer sheath acts as a metering, or rate-controlling,
membrane. With this design, burst effects are reduced compared to the homogeneous ring. However,
this design has the disadvantage that the drug reservoir is physically limited in size and the relative
diameters of core, steroid band and rate-controlling sheath are such that, where comparatively high
daily drug release rates are required, as in hormone replacement therapy, this design cannot achieve
the desired pattern of a controlled, substantially constant comparatively high daily drug release rate
for the desired period of at least three weeks, preferably several months. The shell design is,
therefore, most suitable for contraception.

(c) The core design, in which the steroid is homogeneously mixed with a hydrophobic elastomeric
polymer to form a homogeneous core, the core being surrounded by a rate-controlling, non-medicated
hydrophobicelastomeric sheath. In this design high drug loadings are possible and the relative
diameters of core and rate-controlling sheath are such that a higher drug release rate can be achieved
compared-to the shell design. Burst release of drug is reduced, but not necessarily eliminated, as
compared to the homogeneous ring design. Substantially zero order release can be achieved due to
the presence of a rate-controlling sheath and such release can be sustained for several months due to
the higher drug loading possible with this design.
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Intravaginal elastomeric rings designed to deliver 17.beta.-oestradiol for use in hormone replacement
therapy are known.

For example, a report by Englund and co-workers 9! discloses an intravaginal elastomeric ring of
shell design releasing in vitro 17.beta.-oestradiol at a rate of 200 .mu.g per day, which corresponds to
plasma 17.beta.-oestradiol levels in human female patients of from 50 to 200 pg per ml. In this report,
it is further disclosed that all of the human female subjects participating in the study had non-
physiologicaily high 17.beta.-oestradiol plasma levels-in the first 24 hours of the study period and that
there was a gradual decline in the plasma oestradiol levels over the study period of 21 days. There is
no teaching in this study that substantially constant plasma levels of 17.beta.-oestradiol can be
maintained even within the comparatively short-term study period of 21 days, nor is there any
teaching to suggest that the device could be used for the delivery of a suitable 17.beta.-oestradiol
precursor compound. This study, however, does state that a 17.beta.-oestradiol release rate of

200 .mu.g per day is too high for hormone replacement therapy in post-menopausal women as the
resulting plasma levels of 17.beta.-oestradiol are non-physiological, that is, they exceed the oestrogen
levels seen in the follicular phase of fertile women. The authors conclude, in agreement with the
teaching of Lievertz 1!, that a device with a release rate of 50-100 .mu.g per day of 17.beta.-
oestradiol would provide an appropriate dosage for hormone replacement therapy.

A study by Roy and Mishell »10! discloses an elastomeric intravaginal ring comprising a polymer
matrix containing a combination of levonorgestrel and 17.beta.-oestradiol in dimethylpolysiloxane.
This study teaches that 17.beta.-oestradiol has a lower solubility in, and diffusion from, the
dimethylpolysiloxane elastomer than levonorgestrel. The ring design in this example was of the shell
type, which had an outer diameter of 58 mm and a thickness of 9.5 mm, and released 290 .mu.g per
day of levonorgestrel and 180 .mu.g per day of 17.beta.-oestradiol, respectively. The rings were
studied over six or seven consecutive 21-day cycles. In each case, 17.beta.-oestradiol absorption
produced an initial peak for the first few days of each cycle, after which plasma levels declined
rapidly. The initial 17.beta.-oestradiol serum peak was due to.burst release fram the outer sheath,

rather than from the polymer matrix, the burst effect then building up again during each week of
storage between cycles.

. ,.,A,‘.:.,,’:?,"z

Thus, the ring design disclosed in this study is unsuitable for sustained delivery of 17.beta.-oestradiol
for oestrogen-requiring conditions, including hormone replacement therapy.

A study by Stumpf et al »11! on hypo-oestrogenic women discloses an intravaginal ring of shell
design intended specifically for use in hormone replacement therapy. The ring was 9.5 mm in cross-
section and 54 mm in diameter. The steroid band or hollow annulus contained either 100, 200 or 400
mg of 17.beta.-oestradiol. One hour after insertion, mean serum 17.beta.-oestradiol was raised to 300
pg/ml, characteristic of a burst release of steroid, but approached the baseline level of 24 pg/ml within
24 hours. Over |1 month, the mean 17.beta.-oestradiol level increased minimally to about 50 pg/ml,
falling back to the baseline at 2 and 3 months. The authors concluded that this design fails to provide

effective therapeutic delivery of 17.beta.-oestradiol over a sufficiently long period as desired for
hormone replagement therapy.

Stumpf et al »11! also discloses an alternative intravaginal ring of homogeneous design, comprising a
polymer matrix containing 400 mg of 17.beta.-oestradiol in polydimethylsiloxane. This ring had a
surface area of 22 cm.sup.2 and a cross-sectional area of 48 mm.sup.2. With this ring design, the
initial serum 17.beta.-oestradiol level was raised to about 700 pg/ml within one hour, with the level
maintained above 300 pg/mi for at least the first week of administration. Despite the authors'
conclusion that this ring design maintains physiological oestradiol levels, it will be recognised by
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those skilled in the art that such levels of 17.beta.-oestradiol are non-physiological and, therefore,
unacceptable for use in the human female requiring hormone replacement therapy.

European Patent Publication No. 0 253 109 discloses an intravaginal ring of core design capable of
delivering 17.beta.-oestradiol at rates per 24 hours varying from 0.5 to 25 .mu.g per day, preferably
from 4 to 8 .mu.g per 24 hours, as selected. According to the teaching therein, symptoms in the
human female arising from a hypo-oestrogenic condition can be alleviated by 17.beta.-oestradiol
delivered at these rates. These rates of 17.beta.~oestradiol delivery are substantially lower than those
generally recognised as being required to alleviate all of the possible symptoms associated with a
hypo-oestrogenic condition--a daily delivery rate, as determined in vitro, of between 50 and

100 .mu.g of 17.beta.-oestradiol is generally accepted by those skilled in the art as necessary for
effective hormone replacement therapy »>1! »91 111,121, The symptoms referred to in EP-A-0 253
109 relate exclusively to symptoms associated with the lower urinogenital tract. There is no teaching
that such a low daily delivery rate of 17.beta.-oestradiol can relieve neuroendocrine and other
miscellaneous symptoms associated with hypo-oestrogenism in the human female.

Smith et al »13! teaches that daily delivery of 17.beta.-oestradiol at a rate of between 5 and 10 .mu.g
per day, as determined in vitro, is effective at alleviating those symptoms associated with hypo-
oestrogenism that relate specifically to atrophy of vaginal and urethral epithelium. There is no

teaching that other symptoms associated with hypo-oestrogenism are relieved by such low daily doses
of 17.beta.-oestradiol.

' ""-Q':'nf"‘yf:
1

A number of difficulties arise in incorporating 17.beta.-oestradiol into intravaginal drug delivery
devices. Specifically, the drug is too polar in its chemical character to be practically delivered in
sufficient daily quantities to alleviate all of the clinical symptoms typically associated with hypo-
oestrogenism in the human female and, most particularly, in postmenopausal females requiring
hormone replacement therapy with oestrogen. These difficulties mean that a daily drug release in
excess of 50 .mu.g of 17.beta.-oestradiol, as determined in vitro, an amount clinically acknowledged
as necessary for effective hormone replacement therapy, cannot be practically achieved since:

A narrow sheath surrounding a large diameter polymer matrix is difficult to mass produce reliably to
acceptable limits by methods presently known in the art.

A high drug concentration is required in the polymer matrix of the device, which consequently must
be of large diameter. Thus, such devices are uneconomic to produce.

The high drug residue left after use raises environmental concerns.

It is not possible to include an additional active ingredient in known intravaginal drug delivery
devices, typically a progestogen.

According to a first aspect of the invention there is provided an intravaginal shell or core drug
delivery device suitable for administration to a female mammal, the device comprising a 17.beta.-
oestradiol precursor as defined hereinbelow in a polymer matrix and having a sheath surrounding the
polymer matrix; said device being adapted to release the 17.beta.-oestradiol precursor in a
substantially zero order pattemn for at least three weeks, preferably for at Jeast three months and to
release up to 1 mg/day 17.beta.-oestradiol.

The 17.beta.-oestradiol precursor must:
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be a 17.beta.~oestradiol moiety in which the, or each, hydroxyl group of the 17.beta.-oestradiol
moiety is blocked by a blocking group; the, or each, blocking group being so linked to the 17. beta.-
oestradiol moiety as to be readily removed from the 17.beta.-oestradiol moiety in vivo and the, or
each, blocking group being so chosen as to yield a substance which is non-toxic to the female

mammal, when removed from the 17.beta.-oestradiol moiety in vivo..
have sufficient lipophilicity as defined hereinbelow.

have sufficient hydrophilicity as defined hereinbelow.

Specifically, the 17.beta.-oestradiol precursors must have sufficient lipophilicity as determined
directly by measurement of their solubilities in liquid silicone (Dow Coming Grade 360 Medical
Fluid) at 37.degree. C. such that their solubilities must be not less than 0.1 mg per 100 ml or,
alternatively, as determined indirectly by measurement of standard k (to be defined hereinafier) such
that standard k must be not less than 0.1 .mu.g/day/mm. Such lipophilicity is required to ensure

adequate diffusion of the precursor through the device.

Specifically, the 17.beta.-oestradiol precursors must have sufficient hydrophilicity such that their -

solubilities in distilled water at 20.degree. C. are not less than 1 .mu.g per 100 ml. Such

hydrophilicity is required 1o ensure that an adequate concentration of the precursor is achieved in the

aqueous diffusion layer between the device and the vaginal epithelium.

?"

Cpymiegp
)
i

Precursor release from a cylindrical device of core design, which comprises a polymer matrix in the
form of a core incorporating 17 .beta.-oestradiol precursor and a sheath surrounding the core, can be

described by Crank's equation: ##EQU 1## in which R=precursor release rate (.mu.g/day)
C.sub.S =saturation solubility of precursor in polymer matrix (.mu.g/mi)

D=diffusion coefficient of precursor in polymer matrix (cm.sup.2 /day)

.pi.=partition coefficient of precursor between polymer matrix and the dissolution medium

I=core length (mm)
b=sheath cross-sectional diameter (mm)

a=core cross-sectional diameter (mm)

Crank's equation relates the precursor release rate (R), in sink conditions, to the solubility (C.sub.2 S)
and diffusibility (D) of the precursor in the polymer matrix, its partition characteristics (.pi.) between
the polymer matrix and the dissolution medium; and the ring dimensions (1, b, a). For any given
precursor in any given polymer matrix, C.sub.S, D and .pi. will be constant and can be grouped

together to foan the composite constant, k:

k=2C.sub.S.D. pi.

The k value can be empirically derived using Crank's equation in the following manner: ##EQU2##

The k value is dependent on core length for certain of the 17.beta.-oestradiol precursors (see Example
6 hereinafier). Accordingly, the k value at a core length of 35 mm has been denoted "standard k"
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value hereinafier.

The use of 17.beta.-oestradiol precursors with enhanced lipophilicity, relative to 17.beta.-oestradiol
itself, is one parameter involved in overcoming the difficuities which arise in incorporating 17.beta.-
oestradiol itself into intravaginal drug delivery devices. However, only 17.beta.~oestradiol precursors
possessing the above-recited additional physicochemical property of sufficient hydrophilicity and
clinical characteristics of ready in vivo conversion to 17.beta.-oestradiol without yielding toxic
substances as a result of that conversion, are suitable for use in intravaginal devices for the delivery
of therapeutic quantities of oestrogen to the human female for long-term oestrogen-requiring
conditions, inciuding hormone replacement therapy. In addition, such 17.beta.-oestradiol precursors
are also suitable for fertility control. Thus, for example, 17.beta.-oestradiol-17-valerate, a highly
hydrophobic precursor, will not give detectable blood levels of 17.beta.-oestradiol in the human
female when delivered intravaginally from an intravaginal drug delivery device, since its
hydrophilicity or aqueous solubility is too low. The invention therefore defines the characteristics of
17 .beta.-oestradiol precursors, and identifies those suitable precursors, such that an intravaginal drug
delivery device containing said precursors will deliver therapcutic quantities of 17.beta.-oestradiol to
the female mammal without any of the disadvantages previously associated with such systems.

Whilst it will be apparent that said intravaginal drug delivery device can have any shape and be of
any dimensions compatible both with intravaginal administration to the female mammal, including
the human female and with the requirements imposed by drug delivery kinetics, a particularly
preferred device according to the present invention is an intravaginal ring.

1

Said ring includes the outer, rate-controlling sheath surrounding the polymer matrix in the form of a
core, which sheath may be fabricated from the same polymer as that of the polymer matrix or from
any other suitable, compatible polymer known in the art. Alternatively, said ring includes the sheath
surrounding the polymer matrix in the form of a hollow annulus and the device is provided with a
central member within the annulus, which sheath and central-member may each be fabricated from

the same polymer as that of the polymer matrix or from any other suitable, compatible polymer
known in the art.

More preferably, daily release rates of the 17.beta.-oestradiol precursor equivalent to up to 1 mg per

day of 17.beta.-oestradiol itself can be sustained for up to at least 12 months in a substantially zero
order pattern.

Preferably, said intravaginal drug delivery device additionally includes a progestogen in the polymer
matrix, the progestogen being selected from the group comprising norethisterone-17-acetate and
levonorgestrel. Said 17.beta.-oestradiol precursor can be delivered in a substantially zero order
pattern for durations of at least three weeks and, preferably, up to 12 months at rates of delivery
equivalent to up to | mg per day of 17.beta.-oestradiol itself and said progestogen can be delivered
for a similar duration at rates of delivery of up to 1 mg per day.

According to @ second aspect of the invention there is provided use of a suitable 17.beta.-oestradiol
precursor as defined hercinbefore for the manufacture of an intravaginal shell or core drug delivery
device for daily release of up to 1 mg 17.beta.-oestradiol in a substantially zero order pattern for at
least three weeks and, preferably, for up to 12 months for treating hypo-oestrogenic symptoms. The
diameter of a rate-controlling sheath is such that it can be manufactured within acceptable tolerances
by methods presently known in the art. :

According to a third aspect of the invention there is provided a process for the preparation of an
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intravaginal shell or core drug delivery device suitable for administration to a femnale mammal. Said
process comprises the steps of combining a suitable 17.beta.-oestradiol precursor as defined
hereinabove, a polymer, a suitable cross-linking agent and a curing catalyst to form a mix; curing the
mix to form the polymer matrix; and providing a sheath surrounding the polymer matrix.

Altematively, the polymer matrix forms a hollow annulus and the process comprises the steps of
forming a central member; combining the 17.beta.-oestradiol precursor with the polymer, the suitable
cross-linking agent and the curing catalyst to form the mix and curing the mix to form the polymer
matrix in the form of the hollow annulus surrounding the central member; and providing the sheath
surroundiong the polymer matrix. The relative amounts of the respective polymer matrix and sheath
components are chosen, and the geometry of the ring components selected, in order to provide a daily
release of 17.beta.-oestradiol precursor equivalent to between 50 and 250, and most preferably
between 50 and 100, .mu.g per day of 17.beta.-oesstradiol.

According 1o a fourth aspect of the invention there is provided use of a suitable 17.beta.-oestradiol

precursor as defined hereinabove in an intravaginal shell or core drug delivery device for release of
up to 1 mg/day 17.beta.-oestradiol in a substantially zero order pattern for at least three weeks and,
preferably, for up to 12 months.

According to the present invention, a particularly preferred group of 17.beta -oestradiol precursors are
those possessing one or more acyl groups esterically linked as blocking groups to the hydroxyl groups
of the 17.beta.-oestradiol moiety. Preferably, the, or each, blocking group is an aliphatic short-chain
acyl group with the proviso that, when the acyl group is acetyl, each hydroxy] group cannot be
blocked with acetyl. More preferably, the acyl group is the acyl moiety of a saturated or unsaturated
monocarboxylic or dicarboxylic acid. The one or more acy! groups may block the 3-position and/or
the 17-position of the 17.beta.-oestradiol moiety. It will be known to those skilled in the art that
therapeutically active esters are rapidly hydrolysed in human plasma by. non-specific esterases to the
corresponding parent acid and alcohol. In the case of 17.beta—oestradiol precursors, it will be
apparent to those skilled in the art that hydrolysis of said precursors in human plasma will yield
17.beta.-oestradiol itself, together with one or more acidic components, the number of such acidic
components depending on the number of acyl groups present per molecule of said precursor. Said
acy! groups include saturated aliphatic short-chain (C1-5) straight or branched mono- and
dicarboxylic acids such as formyl, acetyl, propionyl, butyryl, isobutyryl, oxalyl, malonyl, glutaryl and
succinyl; unsaturated aliphatic short-chain (C2-5) straight or branched mono- and dicarboxylic acids
such as acryloyl, propioloyl, methacryloyl, crotonoyl, isocrotonoyl, maleoyly fumaroyl, citraconoyl
and mesaconoyl; carbocyclic carboxylic acids or other such groups known to those skilled in the art.

Such acyl groups are disclosed by way of example only and it will be understood that the scope of the
invention is not limited in any way by such disclosure.

' "v_-s-aw_-'-ﬂ!
ot

The preferred 17.beta.-oestradiol precursors must have sufficient lipophilic character such that their
solubilities in'liquid silicone (Dow Comning Grade 360 Medical Fluid) at 37.degree. C. are not less
than 0.1 mg per 100 ml. Alternatively, the preferred 17.mu.-oestradiol ester precursors must have

sufficient lipophilic character such that their standard k values (as defined hereinabove) are not less
than 0.1 .mu.g/day/mm.

Further, said precursors must have a hydrophilic character such that their solubilities in distilled water
at 20.degree. C. are not less than | .mu.g per 100 ml. 17.beta.-cestradiol-3-benzoate and 17 beta.-

oestradiol-17-valerate are examples of 17.beta.-oestradiol precursors not possessing the requisite
aqueous solubility.
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Although not essential for the purposes of the invention, said precursors should, preferably, be
micronised.

According to the present invention, a preferred acyl group is acetyl or propionyl and particularly
preferred 17.beta.-oestradiol precursors are 17.beta.-oestradiol-17-acetate, 17.beta.-oestradiol-3-
acetate, 17.beta.-oestradiol-17-propionate and 17.beta.-oestradiol-3-propionate.

According to the present invention, the acyl group preferably blocks the 3-position, so that
particularly preferred 17.beta.-oestradiol precursors are 17.beta.-oestradio}-3-acetate and 17.beta.-
oestradiol-3-propionate. 17.beta.-oestradiol-3-acetate is most particularly preferred.

Suitable progestogens for use in the intravaginal drug delivery devices of the present invention
include, but are not limited to, levonorgestrel and norethisterone-17-acetate. Further suitable
progestogens would be expected to include chlormadinone, desorgestrel, gestodene,
medroxyprogesterone, megestrol, norgestimate and progesterone.

The intravaginal ring may be constructed from one or more biocompatible polymers, for example,
elastomers, compatible with said 17.beta.-oestradiol precursors, such as organopolysiloxanes or
polyurethanes. Where the clastomer is chosen from the room-temperature vulcanising type of
hydroxyl-terminated organopolysiloxanes, suitable cross-linking agents and curing catalysts known in
the art may be required. Dimethylpolysiloxane compositions may also be used as the elastomeric
component of the intravaginal drug delivery device of the invention.

4

[l

Craslp

The geometry of the intravaginal drug delivery device of the invention may be chosen such that the
daily release of the 17.beta.-oestradiol precursor can be varied up to 1 mg per day, expressed as

17 beta.-oestradiol itself, and preferably from between 50 to 100 .mu.g per day, again expressed as
17.beta.-oestradiol itself. Said ring geometries can also be varied to permit the simultaneous delivery,
at therapeutically desirable rates, from an individual intravaginal drug delivery device, of a suitable
17.beta.-oestradiol precursor and a progestogenic substance. The term "geometry” encompasses the
overall diameter of the ring; the cross-sectional diameter of the ring; the ratio of the core diameter to
the diameter of the whole device in cross-section; and the length of the core.

The percentage loading of 17 beta.-oestradiol precursor contained in the core can vary from 1% (w/w)
to in excess of 50% (w/w) and is only limited by the physical characteristics of the final mix. It will
be apparent to those skilled in the art that the only importance of said drug loading in a device of core
or shell design with an outer, rate-controlling sheath is to ensure that there is sufficient drug present at
all times to allow a substantially zero order pattern of drug release to be maintained throughout the
required period of sustained drug release. Thus, to ensure maintenance of the substantially zero order
drug release pattern throughout the lifetime of the device, the necessary drug loading will be
sufficiently in excess of the total drug required to be delivered over the defined sustained-release
peried. -~ -

Several embodiments of the invention will now be demonstrated by reference to the following
General Method of Manufacture of an intravaginal drug delivery device in the form of a ring for the
delivery of a suitable 17.beta.-oestradiol precursor as defined hereinabove, either alone or in
combination with a progestogenic substance. This General Method of Manufacture is exemplified by
reference to Examples 1 to 10. It should be understood that these examples are disclosed solely by
way of further illustrating the invention and should not be taken in any way to limit the scope of said
invention. Thus, for instance, it will be obvious to those skilled in the art that the technique of
injection moulding referred to in the General Method of Manufacture may be replaced in whole or in
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part by other manufacturing techniques, for example, extrusion, that will produce a similar end
product.

General Method of Manufacture: Core Design

An elastomer mix is prepared by blending 97 parts by weight of a hydrophobic elastomeric polymer
containing about 25% (w/w) diatomaceous earth as the filler with 2.5 parts by weight of a cross-
linking agent, n-propylorthosilicate. A suitable hydrophobic elastomeric polymer is stannous octoate-

cured polydimethylsiloxane polymer, two suitable examples of which are those known as Dow
Coming QCF7 3099 and Nusil Med 7.6382.

The elastomer mix thus formed is further blended in the ratio of 85 parts by weight of the elastomer
mix, 5 parts by weight of barium sulphate and 10 parts by weight of a 17.beta.-oestradiol precursor,
preferably a 17.beta.-oestradiol ester, more preferably, 17.beta.-oestradiol-3-acetate, 17.beta.-

oestradiol-17-acetate, 17.beta.-oestradiol-3-propionate or 17.beta.-oestradiol-17-propionate. Thereby,
an active mix is formed.

The core of the intravaginal drug delivery device of the invention is produced by mixing 200 parts by
weight of the active mix with 1 part by weight of an activating catalyst, for example, stannous
octoate. The resultant core mix is injected into a core mould and cured at 80.degree. C. for 2 minutes.
The mould is then opened, following which the core is removed and trimmed.

s
P

’ ""Q."Il"’"{
A H
i

An intravaginal drug delivery device in the form of a half ring is produced by mixing 200 parts by
weight of elastomer mix with 1 part by weight of an activating catalyst, for example, stannous
octoate. The resultant half ring mix is injected into a half ring mould containing a'core previously
prepared as described in the immediately preceding paragraph and cured at 80.degree. C. for 2
minutes. The mould is then opened, following which the half ring is removed and trimmed.

An intravaginal drug delivery device in the form of a complete ring is produced by mixing 200 parts
by weight of elastomer mix with | part by weight of an activating catalyst, for example, stannous
octoate. The resultant full ring mix is injected into a full ring mould containing a half ring previously
prepared as described in the immediately preceding paragraph and cured at 80.degree. C. for 2
minutes. The mould is then opened, following which the full ring is removed and trimmed.

The geometric characteristics of the ring can be varied as required by the use of appropriately sized
moulds, as exemplified by the following examples, or by the.use of appropriately sized extrusion
nozzles, as will be obvious to those skilled in the art.

EXAMPLE 1

An intravaginal drug delivery device in the form of a ring having a nominal in vitro daily release rate
of 10 .mu.g per day of 17.beta.-oestradiol-17-acetate was prepared with a ring geometry as described
in Table 1, by following the General Method of Manufacture set out hereinabove.

EXAMPLE2 .

An intravaginal drug delivery device in the form of a ring having a nominal in vitro daily release rate
of 50 .mu.g per day of 17.beta.-oestradiol-17-acetate was prepared with a ring geometry as descrnibed
in Table 1, by following the General Method of Manufacture set out hereinabove.
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EXAMPLE 3

An intravaginal drug delivery device in the form of a ring having a nominal in vitro daily release rate”
of 50 .mu.g per day of 17.beta.-oestradiol-3-acetate was prepared with a ring geometry as described in
Table 1, by following the General Method of Manufacture set out hereinabove.

EXAMPLE 4

An intravaginal drug delivery device in the form of a ring having a nominal in vitro daily release rate
of 100 .mu.g per day of 17.beta.-oestradiol-3-acetate was prepared with a ring geometry as described
in Table 1, by following the General Method of Manufacture set out hereinabove.

EXAMPLE 5

An intravaginal drug delivery device in the form of a ring having a nominal daily in vitro release rate
of, simultancously, 50 .mu.g per day of 17.beta.-oestradiol-3-acetate and 20 .mu.g per day of the
progestogenic substance, levonorgestrel, was prepared with a ring geometry as described in Table 1,
by following the General Method of Manufacture set out hereinabove.

The nominal in vitro release rates set out in Table 1 for the rings of Examples 1-5 were determined

under sink conditions of 1% (w/v) benzalkonium chloride. These release rates were determined in the
following manner.

R

Each ring (n=4) was suspended in the dissolution medium in an individual flask which is then
capped, placed in a suitable oven at 37.degree. C. and shaken. The dissolution medium was changed
every 24 hours (.+-.30 minutes). An aliquot of the used dissolution medium was analysed by high

performance liquid chromatography (HPLC) using reverse phase packing and UV detection (at 235
nm for 17.beta.-oestradiol-3-acetate and for .

TABLE 1

Drug-loaded core dimensions for intravaginal
rings, 9 .times. 54 mm, having a nominal in vitro daily
release, in sink conditions, of a 17.beta.-oestradiol precursor,
either alone or in combination with a progestogen.
Core dimensions (mm)
Nominal daily release (.mu.g)

as cross-sectional
Active ingredient

Example
(in vitro) diameter .times. length

17.beta:-oesttadiol~17-acetate

el - 1 10 2 .times. 15
17.beta.-ocestradiol~17-acetate
2 50 2 .times. 75
17.beta gso0estradiol-3-acetate
N 3 50 2 .times. 8
17.beta.-vestradiol~3-acetate
4q 100 2 .times. 16

17.beta.-oestradiol-3-acetate
S 50 E3A and 20 LN
2 .times. 8(E3R)
(E3A) in combination with 3 x 105(LN)
levonorgestrel (LN)
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17 beta.-oestradiol-3-propionate; at 281 nm for 17.beta.-oestradiol-17-acetate, for 17.beta.-oestradiol-
17-propionate and for 17.beta.-oestradiol), with reference to the appropriate standard solutions. Due
to hydrolysis to 17.beta.-oestradiol during storage, 17.beta.-oestradiol-3-acetate levels were
determined by analysis for both 17.beta.-oestradiol and 17.beta.-oestradiol-3-acetate. An improved
analytical method was subsequently developed for 17.beta.-oestradiol-3-acetate—this involves
hydrolysing an aliquot of used dissolution medium with 0.5N NaOH to yield 17.beta.-oestradiol with
subsequent buffering prior to injection into the HPLC system for detection at 281 nm of the
hydrolysis product, 17.beta.-oestradiol, with reference to the appropriate standard solutions.

The original analytical method has a precision of less than 2% RSD (relative standard deviation) for
17 beta.-oestradiol and for the 17.beta.-oestradiol precursors, with the exception of 17.beta.-
oestradiol-3-acetate for which the original and improved analytical methods had precisions of less
than 4% RSD and less than 2% RSD, respectively. The sensitivity of the original and improved
analytical methods is 5 .mu.g/100 ml.

Re-analysis of the daily in vitro release rate data for 17.beta.-oestradiol-3-acetate given in Table 1
from the original method, yields altered daily release rates which, in turn, result in corrected
precursor-containing core dimensions of 2.times.10 mm, 2.times.20 mm and 2.times.10 mm .
respectively, for the rings of Examples 3-5, in order to nominally release 50 .mu.g, 100 .mu.g and
50 .mu.g/day, respectively, of the active ingredient, 17.beta.-oestradiol-3-acetate.

EXAMPLE 6
Mean Daily In Vitro Release Rates over 90 Days (Maximum}

The in vitro dissolution characteristics of the intravaginal rings of the invention, which contain
various 17.beta.-oestradiol precursors, and of an intravaginal ring containing 17.beta.-oestradiol itself
are illustrated by reference to Table 2. Four identical rings were prepared for each compound
according to the General Method of Manufacture, the elastomer mix having a stannous octoate-cured
polydimethylsiloxane polymer as the hydrophobic elastomeric polymer. In all cases the ring
geometries comprise a ring of dimensions 9 mm (cross-sectional diameter).times.54 mm (outer
diameter) and containing a full length core (141 mm) of cross-sectional diameter 2 mm. The rings

. were tested in vitro at a constant temperature of 37.degree. C. for their release characteristics in a
sufficient volume of each of the following media: 0.9% (w/v) saline, 0.133% (w/v) aqueous
benzalkonium chloride and 1.0% (w/v) aqueous benzalkonium chloride. The saline medium was
chosen because the ability of a particular 17.beta.-oestradiol precursor to achieve substantial release
from an intravaginal ring into saline may be regarded as a significant indicator of its likely in vivo
absérption characteristics. The saline and benzalkonium chloride-containing media were chosen to
ensure “sink conditions® in at least one medium for each intravaginal ring. It will be recognised by
those skilled {p the art that the term "sink conditions’ refers to that set of experimental conditions in
vitro which effectively simulates the active haemoperfusion that occurs in vivo, and which results ina
maximum drug concentration gradient and maximum drug diffusion

TABLE 2

Mean daily release rates of 17.beta.-oestradiol and
17.beta.-oestradiol precursors from intravaginal rings into
various media. Rings were 9 .times. 54 mm containing a drug-
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loaded core of full length (141 mm) having a cross-sectional
diameter of 2 mm.

Mean Daily Release
.mu.g per day (N = §)
Release Medium
0.9% (w/v)
0.133% (w/v)

1.0% (w/v)
Active ingredient
saline BKC* BKC*
17.beta.-oestradiol
8 - -
17.beta.-oestradiol-17-
ve 365 550
valerate
17.beta.-oestradiol-17-
26 112 218
propionate
17.beta.-ocestradiol-17-
24 S6 96
acetate
17.beta.-oeastradiol-3- -
<5 a2 66 ¥
17.beta.-oestradiol-3- &
350 700 850 s
acetate : -
17.beta.-cestradiol-3~ -
-— - 1200 :

propionate

*BKC = benzalkonium chloride in aqueous solution
**Not detected
-- Not determined

' rate, at any given time, across the aqueous boundary layer. Thus, an in vitro dissolution experiment
can be designed such that the solution solubility of the released drug in the dissolution medium is
much greater than its bulk concentration in this medium at any given time, for example, by micellar
drug solubilisation due to incorporation of a surfactant such as benzalkonium chloride (BKC), at a
concentration above its critical micelle concentration.

Thus, each ring was suspended by a thread in an individual closed flask containing the dissolution
medium, maintained at a constant temperature of 37.degree. C. The contents of the flask were gently
agitated in order to prevent the occurrence of a hydrostatic layer on the surface of the ring. After 24
hours, the ring was removed and suspended in a flask of fresh dissolution medium of identical
volume by a method identical to that previously described. This process was repeated at each
successive 24 hour interval until a total maximum time of 90 days had elapsed. At the end of each 24
hour period, a sample of the dissolution medium was immediately analysed, as desired, for its
precurser content by a suitable analytical method, typically by high performance liquid
chromatography (see Example $).

The data ini Table 2 refer to mean daily in vitro release rates of 17.beta.-oestradiol and various
17.beta.-oestradiol precursors as determined by the method described, in each of the three specified
release media, over a continuous period of up to 90 days. Sink conditions were evident for the
17.beta.-oestradiol precursors in 1.0% BKC. The low release rates into saline of the more lipophilic
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17.beta.-oestradiol precursors, the valerate and benzoate esters, were due to their intrinsically low
aqueous solubilities. The best release rates under sink conditions, in combination with substantial
aqueous solubilities as indicated by the release rates into saline, were observed for the acetate and - -
propionate esters. Thus, in particular, 17.beta -oestradiol-3-acetate exhibited substantial release, in
both BKC and in saline, from intravaginal rings of ring geometry as described in Table 2.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 of the accompanying drawings shows the in vitro daily release of 17.beta.-oestradiol-17-
acetate (as 17.beta.-oestradiol) from a 9.times.54 mm intravaginal ring (core length of 141 mm and
core cross-sectional diameter of 2 mm) over 90 days into a 1.0% (w/v) aqueous solution of

benzalkonium chloride. The ring was prepared by following the General Method of Manufacture set
out hereinabove.

FIG. 2 of the accompanying drawings shows the in vitro daily release from a 7.6.times.56 mm ring of
17.beta.-oestradiol-3-acetate (as 17.beta.-oestradiol (core length 35 mm:; core cross-sectional diameter
2 mm)) and norethisterone-17-acetate (core length 90 mm; core cross-sectional diameter 2 mm) over
12 days into a 1.0% (w/v) aqueous solution (250 ml) of benzalkonium chloride. The ring was
prepared by following the General Method of Manufacture set out hereinabove.

. The data presented in the figures confirm the efficacy of intravaginal drug delivery devices according
1o the present invention in releasing 17.beta. oestradiol in vitro in a substantially zero order pattern
over the up to 90 day period of study.

' R LAY u"!"

TABLE 3
"Mean daily release rates of 17.beta.-oestradiol precursors into 250 ml of
1%
(w/v) benzalkonium chloride. Rings were 9 .times. 54 mm containing a
drug-

loaded core of varying length having a cross~sectional diameter of 2 mm.
Mean Daily Release
Core length
{.mu.g/day) (n = 5)
Active ingredient
{rmum) {(as precursor)*

17.beta.-oestradiol-3-

6 49.25 12.347
acetate 12 91.88 11.517
25 177.15 10.658
35 236.66 10.017
17.beta.-oestradiol-3-~
. 35 300.00 12.89
“’ “propionate 70 ) 600.00 12.89
: 140 1200.00 12.89
17 .beta.-oestradiol-17-
- 35 19.50 0.8380
acetate _ 70 40.94 0.8797
. 140 87.45 0.9395
17.heta.-oestradiol-17-
17 24.08 2.130
propionate 35 42.86 1.842
70 83.54 1.795
140 155.20 1.667
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*The release rate data for l170estradiol-3-acetate are based on the amount
of anhydrous 17cestradiol detected by the improved analytical method.
These data have been converted to l17oestradiol as l7ocestradiol-3-acetate
by multiplication by the correction factor 1.154.

Intravaginal drug delivery devices in the form of rings were prepared, each with a ring geometry as
described in Table 3, by following the General Method of Manufacture set out hereinabove. Table 3

also shows in vitro release rates into 1% (w/v) benzalkonium chloride for these rings and the apparent
k values observed when the core length is varied.

The dissolution medium was changed daily, followihg the protocol set out hereinabove. Mean daily
release rates from the second week of dissolution experiments were used to determine the apparent k
values presented in Table 3. ’

1t will be observed that the apparent k value varies with core length for 17.beta.-oestradiol-3-acetate,
17 .beta.-oestradiol-17-acetate and 17.beta.-oestradiol-17-propionate. It was, therefore, decided to

determine k values at a core length of 35 mm and such k values are hereinafter referred to as -
"standard k" values.

EXAMPLE 7

i

'r-,‘.‘.;.,...g."

Solubility Parameters for 17.beta.-Oestradiol and Certain 17.beta.-Oestradiol Precursors

The standard k value was determined from the mean daily release rates observed in Example 6. The
dissolution medium of 1.0% (w/v) of an aqueous solution of benzalkonium chloride was used in
respect of the various 17.beta.-oestradiol precursors, so as to ensure sink conditions. The relevant
data are presented in Table 4. '

Aqueous solubility was determined at 20.degree. C. in distilled water. The relevant data are presented
in Table 5.

Silicone solubility was determined at 37.degree. C. in Dow Corning (Trade Mark) 360 medical fluid.
The relevant data are presented in Table 5.

EXAMPLE 8
In Vitro Plasma Hydrolysis

The stability of 17.beta.-oestradiol-3-acetate and 17.beta.-oestradiol-17-acetate were determined in
hurman blood by incubation at 37.degree. C. at concentrations of 100 pg/ml and 500 pg/ml-these
concentrations were chosen to be of the same order or slightly higher than circulating 17.beta.-
oestradiol levels expected from use of an intravaginal drug delivery device according to the invention.
In addition, a"supranormal concentration of 10 ng/ml was also investigated.

Samples.were collected at 1, 5, 10, 15, 30 and 60 minutes and at 2, 4, 6 and 24 hours afler
commencement of incubation. On collection of each sample, the reaction was stopped by the addition
of sodium fluoride (0.05-0.1M final concentration), the plasma separated by centrifugation and
analysed for 17.beta.-oestradiol using ELISA on a Behring OPUS Plus instrument, by reference to the
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appropriate standard solutions.
The hydrolysis half-lives for 17.beta.-oestradiol-3-acetate and 17.beta.-oestradiol-17-acetate were <1 -
minute and 4 hours, respectively.
EXAMPLE 9

In Vivo Characteristics

The in vivo dissolution characteristics of intravaginal drug delivery devices accoxdmg to the
invention were assessed in the followmg manner.

TABLE 4

Mean daily release rates of 17.beta.-oestradiol precursors from
intravaginal

rings into various media. Rings were 9 .times. 54 mm containing a

drug-loaded )

core of 35 mm length having a cross-sectional diz :ter of 2 mm.
Mean Daily Release

)
(.mu.g/day) (n = 5) P
Release medium z
0.9% (w/v) ¢
1.0% (w/v) €,
Active ingredient b

saline BKC Standard k

17.beta.-ocestradiol-3-

- 236.66 10.017
acetate
17.beta.-oestradiol-3-

250-350 300.00 12.89

propionate
[ 17.beta.-oestradiol-17~ -
. - 19.50 0.838
acetate
17.beta.~ocestradiol-17-
- 42.86 1.842

propionate

-- not determined

TABLE 5
Aqueocus Silicone
solubility
solubility

k
Active Ingtedxent

—— o {.mu.g/100 ml}
{mg/100 ml)
{.mu.g/day/mm}

17 .betaf-Oestradiol

- 190 1.63.sup.1
- 0.09000
17 .beta. -Oestradiol 17-valerate
15.02.sup.1
5 860‘Q

17.beta.-Oestradiol-~17-propionate
5

-- 1.842%*
17 .beta.-Oestradiol-17-acetate

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=/ne.../mccla 9/7/2001



SRR NDA 21-367 ‘| Item 13
G ALEN Patent Exclusivity Information

‘ : Page 224 of 243
United States Patent: 5,855,906 Page 21 of 25
. 12 1.7 0.838++
17.beta.-Oestradiol-3-benzoate
v 3.68.sup.1
0.70%+¢ o
17.beta.-ocestradiol~3-acetate
380 18.6 10.017+*
17.beta.-Oestradiol-3-propionate
230 30.0 12.89*+

*not detected

~- not determined

*+*standard k

**4k using core of 141 mm length

.sup.l compiled from Novel Drug Delivery Systems; Yie W. Chien; Marcel
Dekker, Inc.

Intravaginal rings containing the 17.beta.-oestradiol precursors, 17.beta.-oestradiol-3-acetate or
17.beta.-oestradiol-17-acetate, were prepared according to the General Method of Manufacture,
having a stannous octoate-cured polydimethylsiloxane polymer as the hydrophobic elastomeric
polymer. The 9.times.54 mm rings have nominal in vitro daily release rates of 115-125 or 230-

250 .mu.g (each calculated as anhydrous 17.beta.-oestradiol) or 100 .mu.g (hereinafter referred to as
"120 .mu.g" or "240 .mu.g" or "100 .mu.g" rings, respectively), by virtue of respective core
dimensions of 2.times.24 mm and 2.times.47 mm and 2.times.141 mm (cross-sectional
diameter.times.length).

s v -‘- . n:'z-yf:

Several female post-menopausal subjects, who gave informed consent before participation, entered a
randomised cross-over study of 18 weeks duration in which, following a run in period of 2 weeks (for
baseline plasma oestradiol determinations), each subject successively received each of a 100 .mu.g,
120 .mu.g and 240 .mu.g ring, with a washout period of 2 weeks between successive rings. The rings
were inserted on Day 0 and removed on Day 28. Plasma 17.beta.-oestradiol levels were regularly
measured during the run in period before the start of the study, immediately preceding insertion on
Day 0 and for the following four week period ending on Day 28, when the ring was removed. The
observed mean plasma 17.beta.-oestradiol levels are set out in Tables 6, 7 and 8.

TABLE 6

120 .mu.g ring (n = $): l7.beta.-Oestradiol-3-Acetate
Mean Plasma 17.beta.-Oestradiol level

Day (pmol/1)
-14 46.0
-10 49.6
-5 43.0
LR . 48.6
T2 T 431.0
4 - 73944
7 364.0
9 s 359.8
11 - 350.0
14 . 371.8
18 321.4
21 338.8
28 284.0
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It will be observed that the mean baseline 17.beta.-oestradiol level was 46.8 pmol/l and that the mean
17.beta.-oestradiol level, post-ring insertion, was 357.24 pmol/l. Thus, the 120 .mu.g ring according

to the invention delivered a mean increase in plasma 17.beta.-oestradiol of 310.4 pmol/l over the 28
day study period.

TABLE 7

240 .mu.g ring (n = 5): 17.beta.-Oestradiol-3-Acetate
Mean Plasma 17.beta.-Oestradiol level
Day (pmol/1)

-1d  46.0

-10  49.6

-5 43.0

0 35.8

2 817.4

4 697.2

7 676.6 R
9 667.8 e
11 645.0 :
14 671.2 i-
18 667.2 ¢ - -
21 642.8 -
28 665.2 -

It will be observed that the mean baseline 17.beta.-oestradiol level was 43.6 pmol/l and that the mean
17.beta.-oestradiol level, post-ring insertion, was 683.37 pmol/l. Thus, the 240 .mu.g ring according

to the invention, delivered a mean increase in plasma 17.beta.-oestradiol of 639.7 pmol/l over the 28
day study period.

TABLE 8

100 .mu.g ring (n = 4): 17.beta.-Oestradiol-17-Acetate
Mean Plasma 17.beta.-Oestradiol level

Day {pmol/1)
-14 46.00
-10 49.60
-5 43.00
0 55.75
2 193.00
R : 110.25
7 .103.25
9 91.25
11 » 89.50
14 - 95.75
18 - 87.25
21 " 104.00
28 102.50
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It will be observed that the mean baseline 17.beta.-oestradiol level was 48.59 pmol/i and that the
mean 17.beta.-oestradiol level, post-ring insertion, was 108.53 pmol/l. Thus, the 100 .mu.gring ~

according to the invention, delivered a mean increase in plasma 17.beta.-oestradiol of 59.94 pmol/l
over the 28 day study period.

It will be appreciated that the 120 .mu.g and 240 .mu.g rings of the present invention will be suitable
for the alleviation or prevention of symptoms associated with hypo-oestrogenism, specifically
hormone replacement therapy and for inducing hyper-oestrogenism, specifically to prevent ovulation.
It will also be appreciated that the 100 .mu.g ring of the present invention will be suitable for hypo-
oestrogenism responding to low dose hormone replacement therapy and that a ring baving a larger
core diameter would, of course, release more ostradlol precursor and, therefore, deliver more
17.beta. -oestradxol into the blood stream.

The data presented in Tables 6-8 confirm the efficacy of intravaginal drug delivery devices according
to the present invention in releasing 17.beta.-oestradio! into the blood stream in a substantially zero
order pattern over the 28 day period of study.

EXAMPLE 10

In Vivo Charactenistics

' 'r'-\-nu:'!'ﬂ:

Intravaginal rings containing the 17.beta.-oestradiol precursor, 17.beta.-oestradiol-3-acetate, were
prepared according to the General Method of Manufacture, having a stannous octoate-cured
polydimethylsiloxane polymer as the hydrophobic elastomeric polymer. The 9.times.54 mm rings
have a nominal in vitro daily release rate of 57.5-62.5 .mu.g calculated as anhydrous 17.beta.-
oestradiol (hereinafter referred to as a "60 .mu.g" ring) by virtue of dunensnons of 2.times.12 mm
(cross-sectional diameter.times.length).

Six female post-menopausal subjects, who gave informed consent before participation, received the
60 .mu.g intravaginal ring. These rings were inserted on Day 0 and removed on Day 14. Plasma

17.beta.-oestradiol levels were measured on Day 0 and regularly dunng the two week period and the
results are set out in Table 9.

TABLE 9

60 .mu.g ring {(n = 6): 17.beta.-Oestradiol-3-Acetate
Mean Plasma 17.beta.-oestradiol
level (pmol/l)

=}
o
>3

31.5
229.
146,
131.
139.

-7 114.
- 134.

o N el o
oo

.

t
~ @O DLW

It will be observed that the mean baseline 17.beta.-oestradiol level was 31.5 pmol/l and that the mean
17 .beta.-oestradiol level, post-ring insertion, was 149.48 pmolAl. Thus, the 60 .mu.g ring according to
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the present invention, delivered a mean increase in plasma 17.beta.-oestradiol of 117.98 pmol/ over
the 14 day study period.

It will be appreciated that the 60 .mu.g ring of the present invention will be suitable for the alleviation

or prevention of symptoms associated with hypo-oestrogenism, specifically, hormone replacement
therapy.

It will also be appreciated that the 60 .mu.g ring of the present Example and the 120 and 240 .mu.g
rings of Example 9 demonstrate a core length-dependent delivery of 17.beta.-oestradiol into the blood
stream in a substantially zero order pattemn. The core length can, therefore, be adjusted to yield the
desired incremental plasma 17.beta.-oestradiol level to treat symptoms associated with hypo-
oestrogenism or to induce hyper-oestrogenism.
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